Surgical procedures carried out in the oral and maxillofacial region can result in large tissue defects. Accounting for the shortage of oral mucosa to replace the excised tissues, different models of an organotypic substitute of the oral mucosa generated by tissue engineering have recently been proposed. In this work, the propagation of light radiation through artificial human oral mucosa substitutes based on fibrin-agarose scaffolds (fibrin, fibrin-0.1% agarose, fibrin-0.2%agarose) is investigated, and their optical properties are determined using the inverse adding-doubling (IAD) method based on integrating-sphere measurements. Similar values for the absorption and scattering coefficients between the fibrin and fibrin-0.1% agarose bioengineered tissues and the native oral mucosa were found. These results suggest the adequacy of these biomaterials for potential clinical use in human oral mucosa applications. These optical properties represent useful references and data for applications requiring the knowledge of the light transport through this type of tissues, applications used in clinical practice. It also provides a new method of information analysis for the quality control of the development of the artificial nanostructured oral mucosa substitutes and its comparison with native oral mucosa tissues.
INTRODUCTION
The medical applications of optical radiation for diagnosis and treatment have progressively increased over the last years. In the field of dentistry, there is a growing awareness of the utility of various lasers in the modern dental practice where they can provide new alternatives and support to traditional approaches. Low power laser energy has found numerous uses in diagnosis, both in clinical settings and in dental research, such as confocal microscopic imaging of soft tissues, flow cytometric analysis of cells and cell sorting and profiling of tooth surfaces and dental restorations [1] . However, the optical imaging techniques have several limitations due to the strong light scattering in superficial tissues which can cause a decrease of spatial resolution and small penetration depth [2] . This fundamental optical property, together with the absorption has a strong influence on the distribution and propagation of photons in laser-irradiated tissues. Therefore, understanding the fundamental properties of tissues has become imperative in the development of imaging devices for oral diseases in the spectral range of interest, requiring a detailed knowledge of optical parameters to predict performance and effectiveness [3] .
Laser applications have been shown to be of particular interest in oral soft tissues surgery due to the many advantages that it may offer compared to conventional instruments [4] . In particular, laser equipments can be easily used for surgical treatment of vascular lesions such as haemangioma and lymphangioma, thanks to the possibility to control bleeding and avoid the use of suture [5] . The degree of absorption in key tissue components indicates the type of effect gained by the laser on soft tissue, the content of water being important for the efficient absorption of many commonly used dental lasers [6] .
However, large tissue defects can frequently result from different surgical procedures carried out in the oral and maxillofacial region [7] . Reconstruction of these defects represents a real challenge since maxillofacial surgeons are often confronted with the lack of oral mucosa to replace the excised tissues [8] . The oral mucosa acts as a barrier against the external environment. Loss of this barrier function causes dehydration and a high risk of infection. Reconstructions in the oral cavity, as required after tumor resections or cleft palate repair, are often complicated by similar problems. In the last two decades, the field of tissue engineering has provided new solutions to these problems. By using tissue engineering techniques, some researchers have recently proposed different models of an organotypic substitute of the oral mucosa [7] − [11] .
Although some of the histological and morphological properties of tissue-engineered oral mucosa have been described [10, 12] , to the best of our knowledge a systematic investigation of the propagation of light radiation through artificial human oral mucosa has not been performed. In this sense, lasers are used in several measuring devices as a coherent light source in order to properly determine different optical properties of biological tissues at specific wavelengths. The evaluation of these properties enhances the investigation of the behavior of transmitted light throughout the tissue and provides control of the adequacy of an artificial specimen in comparison with the native tissue to be replaced. The aim of the present work is to determine the optical properties of artificial human oral mucosa in the visible region, using the inverse adding doubling (IAD) method [13] . One integrating sphere is employed to measure the diffuse reflectance and diffuse transmittance for a new nanostructured model of artificial human oral mucosa and, also, for native rabbit oral mucosa, used as control sample.
The radiative transport equation has been widely used in order to determine the quantitative distribution of light intensity in biological media [3] . The correspondent calculations of light distribution require the knowledge of the absorption and scattering coefficients (µ a and µ s respectively) and the anisotropy coefficient (g). Therefore, an appropriate experimental method is necessary to measure these fundamental optical properties. Nevertheless, it is impossible to measure directly either the absorption or scattering in a single measurement. In order to solve such a difficult problem, different theoretical models as well as numerical or computational techniques have been developed. An important numerical approach known as Inverse Adding Doubling (IAD) [13] has been used to solve the radiative transport equation [14] . This method has provided accurate estimates of optical properties (µ a , µ s and g) of turbid media such as biological tissues [3] , [15] − [18] . The entire process of IAD uses two dimensionless quantities, the albedo (a) and the optical depth (τ), which are defined as:
and
where t is the physical thickness of the sample entered into the program in millimeters. Values of the refractive index (n), anisotropy coefficient (g), total diffuse reflectance (R d ) and total diffuse transmittance (T d ) of the samples are input to the IAD computer program which returns the values of the absorption coefficient (µ a ) and the reduce scattering coefficient (µ s = µ s (1 − g)).
Further details of the IAD method can be found in the work of Prahl et al. [13] . According to Prahl et al. [13] , since both anisotropy phase function and Fresnel reflection at boundaries are accurately approximated, the IAD method is well suited to optical measurements for biological samples sandwiched between two glass slides.
MATERHIALS AND METHODS

Human tissue samples
Twenty small biopsies of oral mucosa were obtained from healthy donors undergoing minor oral surgery during local anesthesia at the School of Dental Sciences at the University of Granada, Spain. They corresponded to normal keratinized oral mucosa located at the retromolar trigonum. Immediately after extraction, all tissues were kept in a transport medium at 4 • C containing Dulbeccos Modified Eagles Medium (DMEM), 100 U/ml penicillin G, 100 µl/ml streptomycin and 0.25 µg/ml amphotericin B, and processed before 24h. All patients provided informed consent to participate in the study and the study was approved by the local research committee.
Construction of oral mucosa substitutes by tissue engineering
Primary cultures of oral mucosa fibroblasts were generated as previously described [10, 11] . Stromal samples were isolated from small fragments of oral mucosa, using collagenase I (Invitrogen-Gibco) at 37 • C for 6h. Once the cells had been harvested by centrifugation, stromal fibroblasts were cultured in DMEM supplemented with 10% fetal bovine serum (FBS, Sigma-Aldrich), 4mM L-glutamine, and 1% antibioticantimycotic solution (Invitrogen-Gibco). All cells were incubated at 37 • C in 5% carbon dioxide under standard culture conditions.
Then, 3 types of bioengineered oral mucosa stromal substitute were generated in the laboratory: human fibrin stromas with increasing concentration of agarose (0%, 0.1% and 0.2%). In all cases, 21ml of human plasma were added to 1.8ml of DMEM in which 250,000 cultured fibroblasts had been previously suspended, and 200 µL of tranexamic acid (Amchafibrin, FidesEcofarma, Valencia, Spain) were added to avoid spontaneous fibrinolysis. Fibrinolysis is a natural process that normally appears when human plasma coagulates, process that occurs in approximately eight days. During this time, the fibrinolytic agents contribute to the rupture of the clot. For these reason, in the development of artificial tissues based on fibrin biomaterials, the use of antifibrinolytic agents is a crucial step to avoid the fibrinolytic process in order to guarantee the three dimensional stability of the construct. As mentioned before, in our study, the antifibrinolytic agent used was tranexamic acid. This agent is a synthetic derivative of the amino acid lysine that acts by binding to plasminogen and blocking the interaction of plasminogen with fibrin, thereby preventing dissolution of the fibrin clot [19] . In this context, several research groups have reported the use of tranexamic acid as an inhibitor of the fibrinolytic agents [20] − [23] . After the addition of the tranexamic acid, 2 ml of 1% of CaCl2 were added to the solution to precipitate the polymerization reaction of the hydrogel. In the case of the fibrinagarose gels, previously melted type VII agarose dissolved in PBS (phosphate-buffered saline) was supplemented in the last step. After polymeriza-tion, 15 ml of culture medium were added to the surface of the bioengineered oral mucosa substitutes, which were incubated at 37 • C in 5% carbon dioxide. Samples of the different oral mucosa substitutes were studied weekly until four weeks of development in culture.
Once generated before being subjected to the optical measurements all samples were nanostructured [24] . For nanostructuring, samples were transferred to a specific polycarbonate chamber in which 4-6 layers of sterile Whatman 3MM absorbent paper were put above and below the sample to facilitate dehydration of the artificial tissue. To prevent the oral mucosa stromal construct sticking to the paper layers, a filter nylon membrane (0.4 µm pore size) was settled between both faces of the sample and the paper layers. Then, a flat crystal surface was set on top of the system and a total of 1000Pa of pressure was applied to compress the bioengineered tissues. Previously, the authors research group successfully used this nanostructuring method to generate artificial human corneas [25] with physical properties similar to the native cornea. The nanostructuring method induces a series of complex interfibrillar changes at the nanometrical scale (nanostructuring) that modify the properties of this biomaterial.
This process was carried out for 3 min, and then the nanostructured tissues were removed from the chamber and maintained in PBS until the moment of the analysis. Once generated, the sample thickness was determined using a Nikon Eclipse 90i light microscope. All bioengineered oral mucosas were generated and analyzed in triplicates. As controls, 3 fresh rabbit oral mucosa were obtained from adult rabbits immediately after death and were subjected to the same optical tests as the bioengineered artificial oral mucosa constructs.
Histological analysis
Histological analysis was performed by Hematoxilin-Eosin (H&E), picrosirius, proliferating cell nuclear antigen (PCNA) and cortactin detection. For this, samples were fixed in 10 % buffered formalin, dehydrated and embedded in paraffin. Then, sections about 5 µm in thickness were cut in order to perform the whole histological analysis. First, H&E analysis were carried out using standard protocol in order to determine the cell number by using Image J software (MacBiophotonics, Ontario, Canada), expressing all measurements as mean ±SD. Secondly, to determine the presence of collagen fibers, picrosirius staining was carried out using picrosirius staining solution for 40 minutes and counterstained with Harris hematoxilin. Finally, to evaluate cell proliferation and cell migration, PCNA and cortactin were detected by standard immunohistochemical. Briefly, paraffin was removed from sample sections using xylene, and endogenous peroxidase was quenched in 3% H2O2. Then, for antigen retrieval, we used citrate buffer (pH 6.0) (Dako target retrievel solution) at 98 • C for 40 min. Incubation with the primary antibodies mouse anti-PCNA (1:1000 dilution) (Sigma p8825 clone PC10, USA) and rabbit anti-cortactin (1:100 dilution) (Abcam 1208 EP1922Y, USA) was performed at room temperature for 1h. Then, prediluted secondary antibodies (ImmPRESSReagent Kit, Vector, Burlingame, CA, USA)were used and the slides were developed using NovaRED substrate (Vector, Burlingame, CA, USA) for PCNA and 3,3'-diaminobenzidine DAB (Vector, Burlingame, CA, USA) for cortactin counterstained with Mayers hematoxilin.
For Picrosirius, anti-PCNA and anti-cortactin detection, a qualitative histological evaluation was carefully performed using a Nikon Eclipse 90i microscope.
Determination of the optical properties
Inverse adding doubling method was used to find the scattering and absorption of the artificial human oral mucosa and native oral mucosa using total reflection and total transmission measurements. A schematic of the experimental setup for reflection and transmission measurements needed for determining the total diffuse reflectance and total diffuse transmittance is shown in Figure 1 . Neutral density filters were used to reduce the intensity of the incident lasers beams in order to prevent oversaturation of the detector. The detector (53-2754 Model, Coherent, USA) was attached to the integrating sphere and powered by a common power supply (C2719, Hamamatsu, Japan). The signal from the detector was measured by a digital multimeter (34401A Model, Agilent Technologies, USA).
Total diffuse reflection measurements were made using a 158.2 mm-diameter integrating sphere (Oriel, model 70674. Newport. USA) with an 11 mm-diameter detector port and a 15 mm-diameter sample port with a baffle between ports. The entrance port had 15 mm in diameter. The measurements were performed on the nanostructured human oral mucosa and rabbit oral mucosa at 457.9 nm, 488 nm and 514.5 nm from an argon ion laser (Stellar-Pro-L Model, Modu-Laser, USA) and 632.8 nm from a He-Ne laser (30564 Model, Research ElectroOptics, USA). The maximum output power of lasers was 1000 mW±5% for the argon laser and 12 mW±0.2% for the HeNe laser. The diameter of both argon and He-Ne lasers beam was 2 mm. Three reflection measurements were made on each sample (Figure 1(a) ). Measurements were referenced to a 98% Optopolymer reflectance standard (OPST3-C, Optopolymer, Germany) (Figure 1(b) ) and a dark measurement where the sample port was empty (Figure 1(c)) ). The tissue sample was placed between glass plates to prevent dehydration, to provide mechanical support and to minimize surface effects [26] . Its lateral size always exceeded the diameter of the respective sphere port.
The total diffuse reflectance, in terms of percentage, was calculated using
where r std is the reflection of the reference standard, VR sample is the reflection measurement of the sample, VR std is the reflectance standard measurement and VR 0 is the reflection measurement with the empty port (dark measurement).
Total diffuse transmission measurements were performed with the same integrating sphere using a mirror system to divert the laser beam in order to not move the sample after the reflection measurements, so that the reflection and transmission measurement could be made in the same spot of the sample (Figure 1(d)−(f) ). In this setup, only two ports were open, the 15 mm-diameter sample port and the 11 mm-diameter detector port with a baffle between ports. Again, three transmission measurements were made on each tissue sample (Figure 1(d) ). Measurements were referenced to 100% with the lasers illuminating the open port (empty port) (Figure 1(e) ), and a dark measurement with an open port but with no illumination from the lasers (Figure 1(f) ).
The total diffuse and transmittance, in terms of percentage, was calculated using
where VT sample is the transmission measurement of the sample, VT 0 is the transmission measurement with the empty port (100% reference measurement) and VT dark is the transmission measurement with no light entering the sphere, respectively.
Both types of measurements, reflectance and transmittance, were performed in a completely dark room. The only light source in the room during experiment was the laser source.
One critical parameter in both reflection and transmission measurements is the sphere wall reflectance. In order to determine this parameter, two measurements are needed (Figure 2) . The integrating sphere was rotated with respect to the incident beam so that the light was directly incident upon the sphere wall between the sample port and the baffle. The reflectance of the sphere wall r w was calculated according to the following equation [13] 1 where a w is the fractional sphere wall area, a d the fractional detector area, a s the fractional sample area, a e the fractional entrance port area, r d is the detector reflectance and r std is the reflectance of the reflectance standard.
In addition, the thickness of each tissue sample was measured using a Nikon Eclipse 90i light microscope (Nikon Instruments Inc., USA) and also, the refractive index of the artificial oral mucosa samples was determined using an Abbe refractometer at 589 nm (PCE Iberica, Spain). Changes in the refractive index over the wavelengths used in the present study were assumed negligible.
All these parameters, together with the six additional measurements (three reflection measurements -VR sample , VR std , VR 0 -and three transmission measurements -VT sample , VT 0 , VT dark -) form a complete set of data, for each sample, necessary to determine its optical properties, for each of the wavelengths 457.9 nm, 488 nm, 514.5 nm and 632.8 nm, using the inverse adding-doubling method developed by Prahl et al. [13] . This method has been widely used in tissue optics for processing experimental data obtained using integrating spheres [15, 16, 27, 28] since it offers the possibility to rapidly determine iterative solutions with the help of microcomputers.
Prior to the oral mucosa sample measurements, a calibration of the experimental setup was carried out using three polyurethane optical phantoms [29] with known optical properties. The maximum error obtained was 2.19% for the scattering coefficient and 4.65% for the absorption coefficient. These errors were taking into account when presenting and discussing the results.
Statistical analysis
As normality (and homogeneity of variance) assumptions were not satisfied, non-parametric tests were used. To test the significance of observed differences between the study groups, the Kruskal-Wallis one-way analysis of variance by ranks (K-W) and the Mann-Whitney U test (M-W) were applied. Considering the Bonferronis correction, a value of p ≤0.001 was considered to be statistically significant.
RESULTS and DISCUSSION
Construction of an efficient artificial oral mucosa by tissue engineering represents a major scientific challenge. The use of these kinds of tissue substitutes can help oral and maxillofacial surgeons to improve the outcome of pa- tients in need of large reconstructions involving the oral cavity [9, 11, 23] , [30] − [32] . In this study, three types of artificial human oral mucosa substitutes (fibrin, fibrin with 0.1% and 0.2% agarose concentration) were successfully generated in the laboratory and could be used as in vitro models for investigations of experimental pharmacology or toxicology tests, thus avoiding the need for animal research [10, 33] . Previous results by Sanchez-Quevedo et al. [10] on the histological and histochemical evaluation of the human oral mucosa constructs developed by tissue-engineering, using the same method for the generation of the constructs as the one presented in the present work, proved that the fibrinagarose complexes satisfy the criteria for biomaterials used in tissue engineering of the human oral mucosa. Nevertheless, the novel technique of nanostructuring proposed by the authors of the present study and previously used for the successful development of human bioengineered corneas [25] , contributes to provide useful solutions for the generation of artificial oral tissues by tissue engineering, since reconstructions in the oral cavity, as required after tumor resections, are often complicated. Moreover, Haugh et al. [34] showed that the plastic compression (concept the nanostructuring technique is based on) significantly increases the compressive properties of fibrin gels without impairing cellular viability and subsequent extracellular matrix synthesis.
Nowadays, laser-assisted procedures complement conventional treatment in many cases of oral disorders; in some areas laser treatment being now considered the therapy of choice. When applying these therapies, the precise knowledge of the optical properties of examined tissue and also of the surrounding tissues, acquires great importance. For this, the IAD algorithm provides an accurate estimation of the optical properties for biological tissues [15] − [18] from measurements of the index of refraction, scattering anisotropy coefficient, diffuse total reflectance and diffuse total transmittance.
In this work, the measured refractive index values of the bioengineered oral mucosa substitutes varied from 1.330 to 1.340. For each sample, measurements were repeated three times and the obtained values agreed to within 5%. For all of the IAD calculations, an average value of 1.335 was assumed for all samples analyzed. Since only measurements of the diffuse reflection and transmission were made, the average scattering anisotropy coefficient of both artificial and control oral mucosa tissues was assumed to be 0.9, value in the range of the anisotropy coefficient for biological tissues [3, 18] , [35] − [38] .
The thickness of the sample was measured weekly, after the nanostructuration process and before the performance of the optical measurements. The thickness values varied between 0.3 and 1 mm.
The total diffuse reflectance (R d ) and total diffuse transmittance (T d ) measured at 457.9 nm, 488 nm, 514.5 nm from the argon laser and 632.8 nm from the He-Ne laser, along with the values of the thickness, refractive index and scattering anisotropy coefficient, were input into the IAD program. The output of the IAD program consisted on the reduced scattering (µ s ) and absorption (µ a ) coefficients. Figure 3 displays the spectral behavior of the reduced scattering coefficient of the control and bioengineered oral mucosa samples during the four weeks of development in culture. The values shown in Figure 3 represent the mean values of the reduced scattering coefficients of the oral mucosa contructs, after taking into account the error values obtained during the calibration of the experimental setup (2.19% for the scattering coefficient and 4.65% for the absorption coefficient). The highest values of reduced scattering coefficient were obtained for the fibrin oral mucosa sample, followed by the fibrin-0.1% agarose and fibrin-0.2% agarose samples, respectively. In general, as expected for biological tissues, the reduced scattering decreased with increasing wavelength. The time of maturation in culture played an important role in the development of the scattering properties of the bioengineered samples. The scattering properties of the fibrin and fibrin with 0.1% agarose artificial tissues increased until the second week in culture, decreased for the third week, to increase again in the fourth week in culture. This increase is more pronounced for the fibrin sample, which showed the highest reduced scattering coefficient values after four weeks of development in culture, than for the fibrin-0.1% agarose sample, which showed the highest reduced scattering coefficient values after only two weeks of development in culture. Nevertheless, these maximum values of the reduced scattering for both fibrin and fibrin with 0.1% agarose bioengineered samples were similar to that of the control oral mucosa, with no statistically significant differences in the second week of development in culture both for fibrin (p = 0.101) and fibrin with 0.1%-agarose (p = 0.026). Mourant et al. [35, 38] found that, for suspensions of biological cells in PBS, the main candidates for scattering centers in mammalian cells are the cell itself, the nucleus and other cellular organelles, the shape of the cell having very little effect on the scattering properties of the tissue. In our case, when analyzing the number of cells of the bioengineered substitutes, it was found that the fibrin substitutes displayed higher concentration of cells than the fibrin-agarose oral mucosa substitutes during the entire period of time in culture (Figure 4 ), as well as higher scattering values. However, it should be stated that this behavior is very likely to be tissue dependent, therefore other tissues might display different scattering behavior in relation to the cell number. Our results are in agreement with the findings of San Martin et al. [23] who revealed a complete degradation of the most of the fibrin in the fibrin constructs after four weeks of development in culture, whereas the fibrin degradation was much slower in the fibrin-0.1% agarose constructs.
The scattering properties of the fibrin with 0.2% agarose concentration were the lowest of all samples, with maximum values after 2 weeks of development in culture. However, these maximum values reached only 20% of the values of the control rabbit oral mucosa tissue. This result suggests that the amount of agarose in the artificial human oral mucosa constructs plays an important role in the development of their optical properties. Moreover, the histological analysis showed that the cells In the fibrin-agarose scaffolds, the proliferation and migration rates of the fibroblasts were lower when compared to the fibrin scaffolds, especially in the fibrin with 0.2% agarose concentration as revelead by the PCNA ( Figure 5 ) and cortactin analysis ( Figure 6 ), during the entire time of development in culture. However, these low values in the fibrin-agarose construct are due to the small number of cells present in this type of scaffold, especially for the one with 0.2% agarose.
Agarose type VII-A is a linear polysaccharide hydrogel extracted from marine red algae. It undergoes polymerization and solidifies in response to low temperatures (the term low refers to a 26 • C ±2 • C temperature that can be considered as low compared to the gel point of routinely used agarose 50-55 • C), thereby providing a 3D environment for the cells [39] . However, agarose is not commonly used in tissue engineering due to the reduced growth rate of cells grown on these hydrogels [40] . This behavior was confirmed in the current study in which cell growth and the ability to migrate were reduced in the bioengineered scaffolds with small amounts of agarose. Despite this, the mechanical behavior of fibrin-agarose scaffolds has been demonstrated to improve, and therefore the stability of the constructs has increased when agarose is used for generating bioengineered substitutes [25, 41] . These two attributes are important in facilitating surgical implant procedures [23] .
Interestingly, the collagen expression was detectable by immunohistochemistry in all three types of substitutes, although in the fibrin with 0.2% agarose constructs this expression was delayed. This might be due to the amount of agarose present in the oral mucosa constructs.
Collagen fibrillogenesis is a multistep process that is precisely regulated and involves collagen assembly to form fibrils intermediates and assembly of these to form mature fibrils [42, 43] . Thus, the samples of fibrin and fibrin 0.1% agarose suffer a remodeling of the collagen fibrils after 2 two weeks of development ( Figure 7 ) that could explain also the variation in the scattering coefficient values, since it has been well established that the spatial arrangement of the collagen fibrils, the variation of their diameters and the number density have a strong
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Absorption coefficient (mm influence on the light scattering throughout the biological tissues [44] .
All the artificial constructs of human oral mucosa displayed small or no absorption properties (Table 1 ) whose values showed variation across the wavelengths studied. Statistically significant differences were found when comparing the absorption values of the artificial constructs at all times of development in culture with the ones of the control rabbit oral mucosa sample (K-W and M-W p < 0.001). In biological tissue the responsible cellular components for the absorption are proteins and nucleic acids. As mentioned before, the cells in the bioengineered oral mucosas generated in this study were able to synthesize collagen and PCNA, proving their mitotic activity and the presence of nucleic acids. However, highly complex structural proteins such as decorin and biglycan require more time to be synthesized and are absent in these samples and thus the low absorption values obtained during the period of time studied in this work.
The fibrin with 0.2% agarose concentration exhibited the lowest or no absorption properties, during all times of development in culture. This result could be explained by the fact that the synthesis and assembly of structural proteins requires a high number of synchronized cells that intercommunicate. A small number of cells, such as the case of fibrin-0.2%agarose construct, cannot secrete an important amount of absorbing components in order to increase the absorption properties of this oral mucosa substitute. The results regarding the optical properties of the nanostructured oral mucosa artificial substitutes determined in the present study complete a comprehensive analysis on the morphological, histochemical and physical characterization of artificial human oral mucosa constructs generated by tissue engineering and based on fibrin and fibrin-agarose. Previous studies by Rodriguez et al. [41] proved that the addition to fibrin of a small amount of agarose allows the rheological stability of the oral mucosa substitute to be maintained. Moreover, San Martin et al. [23] show that these type of bioengineered tissues present histological and molecular similarities with native human oral mucosa stroma. In addition, they observed that the nature of the biomaterial behavior influenced the oral stromal fibroblasts, thereby modulating their growth, protein synthesis, and collagen fibrillogenesis. This feature, together with its viscoelastic and optical similitude with native tissues, make the fibrin and fibrin-0.1% agarose bioengineered tissues appropriate for clinical use in human oral mucosa applications.
CONCLUSIONS
The actual values of the absorption and scattering coefficients for the artificial and native tissues reported in the present study provide useful references and data for applications requiring the knowledge of the light transport through this type of tissues, applications used in clinical practice. The results of this work suggest that the optical parameters of biological tissues in the diffuse theory model can be determined using the measuring technology of light radiation, and the optical parameters of bioengineered tissues and native tissues can be compared and analyzed. In this context, the regenerative medicine requires information about the relationship be-
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tween optical and biological properties of tissues, relationship that can provide important information about the physiological condition of the tissue. The determination of optical parameters could influence and control the development of new dental bioengineered tissues by comparing experimental tissues with native ones and determining this way, their adequacy for clinical applications.
